It is well known that in many Indo-European languages speakers manipulate acoustic cues to encode different prosodic phrase boundaries. However, no such attempt has been made to investigate these effects in Austronesian languages. Therefore, this paper reports on preliminary research on the prosodic structure of Yami, an endangered Austronesian language spoken on Orchid Island, Taiwan. Two acoustic parameters were examined: pre-boundary syllable duration and phrase-final F0 slope. The results provide evidence for a three-layered prosodic hierarchy in Yami: Word, AP, and IP. These levels differ significantly in syllable duration, particularly when the pre-boundary syllables bear lexical stress. The phrase-final F0 slope also serves as a cue to prosodic boundaries since the IP boundary tones (H% and L%) are characterized by steeper F0 curves, whereas the corresponding AP tones (Ha and La) are typified by steady pitch curves. The results we report not only offer a basic understanding of the prosodic structure of Yami, but contribute to the research on Austronesian language prosody more generally.
Introduction
A number of studies have indicated that acoustic cues such as pitch lowering, pausing, and segmental lengthening are manipulated by speakers to distinguish among distinct levels of prosodic boundaries [2, 8] . English, for instance, demonstrates a three-way distinction of pre-boundary lengthening to mark prosodic boundaries. [9] reported that the normalized duration was longest at the Intonational phrase (IP) boundary, followed by intermediate phrase (ip) boundary and then word. In addition to boundary, [9] shows that in English, pitch accent provides another source of segmental lengthening, as the duration is significantly longer for the accented nuclei than the unaccented ones for all levels of prosodic boundaries. In Persian, which has Japanese-style pitch accent rather than English-style stress contrast, longer syllable duration is also interpreted as side-effects of the pitch accent placement. [15] points out that despite the contrasting locations between cliticized and non-cliticized words, whose pitch accent is aligned within the antepenultimate and penultimate syllables respectively, accented syllables are overall longer than unaccented ones. Previous work also suggests an interaction between final lengthening and accentual lengthening. Specifically, there are increasing lengthening effects when the final syllable receives a pitch accent [2, 3, 5, 6, 9, 17] . A partial pre-boundary lengthening effect was also found when the pitch accent falls on the penultimate syllable because the domain of accentual lengthening begins from the onset of the stressed syllable and extends rightward until the end of the word [9] .
Prosodic constituency may also differ from one language to another. For instance, in languages like French and Bengali, there is a smaller prosodic unit, the accentual phrase (AP), between word and ip [7, 10] . In these languages, an AP may optionally contain a content word plus its surrounding functional particles. In French, duration is used to encode prosodic boundary differences. [12] shows that the right edge of an ip-boundary is marked by significant durational cues that are stronger than those associated with an AP-boundary and weaker than those found at the vicinity of an IP-boundary.
Bengali [10] exhibits a similar lengthening pattern in which the IP-final syllables are far longer than those of the same word found in the AP-final position, while the final syllable of a word found ip-finally shows moderate lengthening. [10] further pointed out that the three prosodic boundaries also differ in tone height. The pitch of an IP boundary tone (H% or L%) is more extreme than that of the corresponding ip tone (H-or L-), which is more extreme than that of the corresponding AP tone (Ha or La).
However, the durational cue is not consistently found in all languages that have APs. For example, [11] uses ambiguous digit strings, each of which consists of five syllables, to examine what acoustic cues are exploited in prosodic phrasing in Korean. More specifically, the digit string /imanimano/ allows two interpretations based on how syllables are grouped: a 2 + 3 phrasing means the sequence of numbers 20000 and 20005, while a 3 + 2 phrasing represents the sequences 20002 and 10005. The results show that in Korean, speakers and listeners used F0 rather than speech timing to distinguish the temporal structure between 2 + 3 and 3 + 2 phrasing. This suggests that duration may not be used as a major cue for AP segmentation for Korean speakers.
Last but not least, other pitch cues such as F 0 slope and pitch reset were also proved to be significant predictors of boundary categories (no boundary vs. boundary) in list intonation. For instance, [18] examined how pitch cues are employed by native English and Chinese speakers to distinguish the lists of food items with or without boundaries (e.g., bacon-salad and wine (no boundary) vs. bacon, salad, and wine (boundary)). The results show that in English, F 0 slope was an effective predictor for boundary categories, as a rising tone is usually used when speakers produce a list of items with boundaries. In Chinese, F 0 slope has the same dimension as lexical tones, so speakers cannot readily change pitch slope since the change could possibly result in a different word. Thus, in Chinese, pitch information was primarily conveyed via a reset of the pitch declination when the list of food items are produced with boundaries.
Speech Prosody 2016 31 May -3 Jun 2106, Boston, USA Despite these findings, few attempts have been made to investigate cues to prosodic phrase boundary in Austronesian (AN) languages. As far as we know, there are only two studies briefly discussing prosodic phrasing in AN languages such as Western Cham [14] and Tongan [16] , in which two prosodic units above the word level were defined: the AP and IP. As defined earlier, an AP in Tongan and Western Cham contains one content word and often incorporates surrounding functional particles, and an IP contains one or more APs.
To address the dearth of research on this issue in AN languages, this study reports on preliminary research on prosodic phrase boundaries in Yami, an endangered AN language spoken on Orchid Island, Taiwan. Following previous work on the prosodic structure of AN languages [14, 16] and from more recent work on Yami [20] , we postulate three levels of prosodic constituents in Yami: Word, AP, and IP. In addition, based on the findings that duration [9, 10, 12] and pitch cues [10, 18] are important cues to boundary strength, we examine whether and how these acoustic parameters are used by Yami speakers to signal layered prosodic domains. Two hypotheses are proposed. First, we expect that syllable duration will increase with the strength of the prosodic boundary (IP > AP > Word). Second, since Yami is typologically similar to English (stress language), we expect that the F 0 slope would also facilitate cueing boundary strength [18] .
Methods

Corpus
Ten pairs of native Yami speakers (20 total), ages 34 to 58 at the time of recording, were recruited for this project. In order to ensure the naturalness of the utterances, (semi-) spontaneous speech data were collected using a modified map task [1] . In this task, one participant serves as an asker to produce wh-questions; the other participant serves as an instruction-giver to respond his/her partner what (s)he sees in a certain village, thereby producing declarative sentences. The asker may also produce yes-no questions in case the instructions are not clearly delivered. Each pairs 'travelled' across the six villages on Orchid Island and worked together to find ten differences between their maps. The participants contributed approximately 50 minutes of recording for a total of 287 utterances, the bulk of which were produced in a L% boundary tone condition.
Duration normalization
In order to prevent confounding influences induced by differences in speech rate, we performed duration normalization. It is worth reiterating that due to the game design, we collected the same wh-questions and declaratives across the askers and instruction-givers respectively. These were relatively short and had identical number of syllables and syllable composition. This allowed us to diminish segmental effects on syllable duration. Therefore, we used the normalization method employed in [13] , in which syllable durations are normalized as a proportion of the sentence duration for each speaker using the formula:
where d = syllable duration , s = sentence duration, and d' = normalized syllable duration.
Measurement domain
Duration measures were taken from the final syllable of a word at three prosodic levels: Word, AP, and IP, as illustrated in Figure 1 . 
F 0 slope
Before calculating F 0 slope, pitch normalization was done using the ProsodyPro Praat script [19] to produce timenormalized F 0 . Next, the pitch contour changes for phrase-final syllables were computed using the following formula [18] :
where f max and f min are the maximum and minimum F 0 of the target syllables, and t max and t min are the times at which the minimum and maximum F 0 occurred. The numerator f max -f min are converted from Hz into semitones (s.t.) by (3):
Coding
A ToBI-style Break Index labelling system [4] was used to notate the strength of prosodic boundaries. The Word level was assigned a break index value 1; AP, 2, and IP, 3. In some cases, a value 0 was labeled wherever there is clear coarticulation across a word boundary, as illustrated in Figure  2 . 
Target word-final syllables
All duration measurements were taken from the word-final syllables (underlined in Figure 3 ). Two word stress conditions -final stress and penultimate stress are considered. When the final stressed syllable also receives a pitch accent, it is classified as a final accented syllable, represented as 3(a). Whereas when the stress and pitch accent fall on the penultimate syllable, the pre-boundary syllable is interpreted as a final post-accented one, illustrated in 3(b). Measuring both contexts is important because it allows us to test for final lengthening effects and also to see whether accent-induced lengthening extends beyond the stressed syllable to the end of the word; namely, the final post-accented syllables. 
Results
The number of tokens for analysis under the two conditions of stress and pitch accent and three boundary levels are presented in Table 2 . 
Duration
The statistical analysis suggests a significant boundary effect on the final accented syllables [F(2, 399) = 96.05, p < .001].
Post hoc comparisons reveal a three-way durational distinction: syllables in IP-final position are significantly longer than those in AP-and Word-final positions (p < .001 respectively). AP-final syllables were also significantly longer than the Word-final ones (p = .031) (Figure 4 ). 
F 0 slope
The statistical analyses on phrase-final F 0 slopes reveal that degree of pitch contour change varies with boundary strength as well. As demonstrated in Figure 6 , both high edge tones are characterized by positive slopes, yet their steepness differs. 
Discussion
As discussed earlier, boundary as well as accent are the major sources of lengthening [2, 3, 5, 6, 9, 15, 17] crosslinguistically. These results on pre-boundary syllable duration offer strong initial evidence supporting our proposal for a three-layered prosodic hierarchy in Yami: Word, AP, and IP. We showed that under the final accented condition (3a), in which the final syllable bears prosodic prominence, syllable duration serves as , where the final boundary syllable does not carry prosodic prominence, only a two-way durational contrast was found. Syllables appearing in the IP-final position are longer than those in both AP-and Word-final positions, but no observable difference was found in syllable duration between the AP and Word levels. Other than syllable duration, pitch contour changes also facilitate cuing the prosodic boundaries. As predicted, larger prosodic constituents show steeper, be it positive or negative, phrase-final F 0 slopes. The high and low AP tones, on the contrary, are realized with gentle slopes (Figure 6 ). These results are very important because they provide a foundational basis on which we can continue the research to tease apart more precisely the cues to prosodic phrasing in Yami. However, due to the nature of the data we collected in which wh-questions and declaratives are characterized by falling tunes [20] , the low AP (La) and the high IP (H%) tones were relatively infrequent in our data (La comprises 21.1% of the low edge tones and H%, 18.5% of the high edge tones). Thus, eliciting speech containing more low AP tones and high IP tones would enable us to better assess the reliability of F 0 slope as a cue to prosodic phrase boundaries. With respect to lengthening due to accent, the prosodic conditions here are limited to final accented and final post-accented contexts (see Table 2 ), so pair-wise comparisons between final accented vs. final unaccented or penultimate accented vs. penultimate unaccented as was done in English [9] are not possible.
Nevertheless, the observed trends provide some support for the effects of accentual lengthening and final lengthening in Yami. For instance, overall, accented syllables at Word-and AP-final positions are longer than post-accented syllables in the same positions. This suggests that accent-induced lengthening is in effect but does not extend beyond the stressed syllable. Following this line of reasoning, we expected the post-accented IP-final syllables to be shorter than the accented IP-final syllables as well. Surprisingly, the results show that there is no significant difference between IP-final syllables in these two prosodic contexts, as both are long. This immediately raises questions about the potential source for the lengthening found in the final post-accented context in the IP. The durational effect seen here may be interpreted either as accent-induced lengthening that extends beyond the stressed syllable to the end of the word or simply a boundary effect. Further investigations are needed to test for these effects.
Conclusions
The prosodic structure of Yami has never been previously discussed. This research was aimed at gaining insights into this issue to see how layered prosodic domains are encoded through speakers' manipulation of duration and pitch. To our knowledge, this is the first attempt made to explore how acoustic cues are used to mark prosodic boundaries in AN languages. The results show that duration is used in conjunction with F 0 slope by Yami speakers to distinguish among distinct levels of prosodic boundaries under the final accented condition. The final post-accented condition is a bit more complex because the lengthening effect was limited to IP-final syllables. No significant durational contrast was found between AP and Word levels. While the results are promising, more data is needed to support the proposal for an AP boundary as distinct from a word boundary. The results on F 0 slope also suggest its significance in signaling prosodic boundary strength because IP-boundaries have steeper slopes than AP-boundaries.
Given that (Taiwanese) AN language prosody is severely under researched, the results we report not only allow us to have a basic understanding of the prosodic structure of Yami, but serve as a starting point for expanding research on AN language prosody more broadly.
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